The kinetics of propionate degradation, acetate splitting, and hydrogen consumption in digesting sludge were investigated in a lab-scale digester. At natural steady-state conditions, the acetate-splitting systems in well-digested sludge were about half saturated. Propionate-degrading systems were saturated to only 10 to 15%, and hydrogen removal was less than 1% of the maximum possible rate. It was concluded that acetate splitting rather than "methanogenesis from fatty acids" is the rate-limiting reaction in the anaerobic degradation of dissolved organic matter and that a methanogenic anaerobic ecosystem is stabilized by its large unused capacity of hydrogen consumption which is "buffering" the partial pressure of dissolved hydrogen in the system at sufficiently low values to permit rapid fatty acid oxidation. A tentative scheme of the substrate flow in sludge digestion is presented. It suggests that acid formation coupled with hydrogen formation via pyridine dinucleotide oxidation yields the immediate substrates, namely acetate and hydrogen, for about 54% of the total methanogenesis.
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Although extended experience in sludge digester operation has accumulated, the microbial ecology of this process is still poorly understood. Until recently, the anaerobic conversion of particulate, degradable organic compounds to methane and carbon dioxide was believed to comprise three steps: hydrolysis, acid formation, and methane production (1, 12) . On this basis, methanogenesis from fatty acids was considered the rate-limiting step in the digestion of dissolved organics (7, 14) , and the hydrolysis of insoluble polymers was regarded as rate limiting for the overall process of sludge digestion (6 
(ii) Methanogenesis by acetate splitting is examined; it is now well established that about 70% of the methane produced in sludge digestion is derived from the methyl group of acetate (2, 8, 13, 17) as follows:
CH3COO-+ H20 -s HC03-+ CH4 (2) (iii) Lithotrophic methane formation is examined (2, 22, 24) Kinetics of hydrogen removal. A further series of experiments was performed to determine the kinetics of hydrogen turnover in digesting sludge (Fig. 2) . Three hours before starting the experiment, the acetate concentration was increased to 2 to 3 mmol/liter by the addition of sodium acetate. In accordance with the results of the preceding experiments, a constant acetate degradation rate occurred which amounted to 80% of V1,CH4 observed in the initial phase. Assuming that the total of CH4 generated is the sum of CH4 produced from acetate (equation 2) and from H2 (equation 3), the rate of methane production from hydrogen was 0.2 V1,CH4, and the hydrogen removal rate on the basis of equation 3 (VO,H2) was 0.8 V1,CH4. The partial pressure of hydrogen was then increased by a continuous addition of this gas. After about 3 h, a new equilibrium of the hydrogen removal rate (V ,H2) corresponding to the new partial pressure (Pl,H2) was established. netics of the propionate turnover in digest sludge were determined in analogy to the exp iments with acetate (Fig. 3) mmol/liter, Vm..,Ac = 0.63 mmol/liter-h) indicate that the acetate-degrading system was slightly less than half-saturated under natural conditions (Table 1) . Similar kinetic data were published for other digesting sludges (9, 15, 17) and enrichment cultures from various inocula (4, 21 36, 1978 I... to the sludge biocenosis. Consequently, methane production from hydrogen is by no means rate limiting. Nevertheless, this reaction is of fundamental ecological significance because it "buffers" the hydrogen pressure in the system at values low enough to permit the exergonic oxidation of fatty acids (Kaspar and Wuhrmann, Microb. Ecol., in press).
All essential reactions leading from dissolved organic matter to methane, namely, fermentation, fatty acid oxidation, acetate splitting, and lithotrophic methanogenesis, are catalyzed by individual enzyme systems of distinct groups of bacteria. In the sludge under study, the rate of propionate degradation could be accelerated by saturation of the propionate oxidation system by 480 ± 108% (average of seven assays). The respective relative acceleration for the acetatesplitting system was only 76 ± 19% (average of 10 assays). Hence, the degradation of acetate rather than "methanogenesis from fatty acids" is suggested to be the rate-limiting step in the reaction sequence of digestion of dissolved organic matter. We recognize, however, that in natural systems in which the hydrolysis of a variety of solid biopolymers is at the beginning of the degradation chain, the true rate-limiting reaction of the overall process is difficult to define.
A quantitative interpretation of the substrate flow in the digestion of dissolved organic material requires a common yardstick for measuring the various educts and products. A "theoretical chemical oxygen demand flow" may be established by introducing their oxidation equivalents, i.e., chemical oxygen demand. Based on our kinetic studies, the tentative scheme of Fig.  4 is proposed, indicating the substrate flow in digesting sewage sludge (of average composition, because it is found in conventional activated sludge treatment plants for predominantly domestic wastes). Because our knowledge on the biochemistry of H2 formation during anaerobic degradation is still incomplete (19) 
